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Abstract Small colony variants of Staphylococcus au-
reus can cause persistent and recurrent infections. There
are only a few reports of small colony variants of
coagulase-negative staphylococci. Herein a case of
infection with a teicoplanin-resistant small colony variant
of Staphylococcus epidermidis is presented. The small
colony variant was isolated from blood cultures of a
patient with acute leukaemia and therapy-induced neu-
tropenia who was treated with vancomycin for catheter-
associated bloodstream infection. Despite removal of the
catheter and adequate antibiotic therapy, the infection did
not clear and the patient died 20 days after continuous
antibiotic therapy.
Introduction
Small colony variants (SCVs) of Staphylococcus aureus
have been found in a variety of clinical specimens and
have been associated with persistent and recurrent
infections [1, 2, 3]. Only a few cases of infection with
SCVs of coagulase-negative staphylococci (CoNS) have
been reported. SCVs of Staphylococcus epidermidis have
been linked to prosthetic heart valve endocarditis and
infection of pacemaker electrodes [4, 5]. Bloodstream
infection caused by Staphylococcus epidermidis and
Staphylococcus capitis following pacemaker implantation
has also been reported [6]. Here we describe a te-
icoplanin-resistant SCV of Staphylococcus epidermidis
which emerged during vancomycin therapy of a catheter-
associated bloodstream infection in a neutropenic patient.
Case Report
A 69-year-old patient was admitted to hospital for treatment of
acute myeloid leukaemia. He was treated with high-dose chemo-
therapy and became neutropenic and febrile. Despite broad-
spectrum antibiotic and amphotericin B therapy, the fever persisted.
Between day 5 and day 16 of hospitalisation 15 blood cultures were
taken, which yielded no growth. On day 20 of hospitalisation
Staphylococcus epidermidis was isolated from two of two blood
cultures (blood culture results from day 20–42 are listed in Table 1).
The isolates were methicillin resistant and susceptible to vanco-
mycin and teicoplanin. Treatment with vancomycin 1 g b.i.d. was
started, adjusted to renal insufficiency. In addition, an antibiotic-
lock (with vancomycin 1000 g/ml in liquemin) was infused into
the central venous catheter in an attempt to save it. A normal
colony form and an SCV of Staphylococcus epidermidis were
isolated from a blood culture taken 11 h after the start of
vancomycin therapy. Both colony forms were methicillin resistant
and vancomycin sensitive. While the normal form was teicoplanin
sensitive, the SCV was teicoplanin resistant. A blood culture taken
24 h after the start of antibiotic therapy yielded no bacterial growth
but Staphylococcus epidermidis was again isolated from a blood
culture of the following day. Three days after the initiation of
vancomycin therapy the central-venous catheter was replaced.
Cultures of the catheter tip yielded no growth. On day 31 of
hospitalisation amikacin was added to the treatment regimen.
Despite adequate therapy, the patient continued to be septic and
both colony forms of Staphylococcus epidermidis were isolated
from several blood cultures. The central venous catheter was
removed on day 35 of hospitalisation. No bacteria could be cultured
from the catheter. On day 38, rifampicin was added to the treatment
regimen. Ultrasound examination excluded the presence of septic
thrombophlebitis. Transesophageal echocardiography did not show
any evidence of endocarditis. Life support was suspended because
the patient did not recover from neutropenia and fungal pneumonia
was suspected. High-dose corticosteroid therapy was added to the
regimen to control continuous febrile episodes with shivering. The
patient died on day 20 after the start of antimicrobial treatment as a
result of non-responding clinical sepsis. Autopsy results confirmed
there was no evidence of endocarditis or septic thrombophlebitis.
Histologic examination revealed multiple nodes with fungal
elements compatible with aspergillosis in the lower right lobe of
the lung. However, no fungi grew in cultures from lung tissue,
presumably due to the antifungal therapy.
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Materials and Methods
Blood cultures were processed with an automated system (BacT/
ALERT; bioMrieux, USA). Aliquots of the broth were subcultured
on Columbia agar with 5% sheep blood and incubated at 37C in
5% CO2 and under anaerobic conditions for 48 h. Intravenous
catheter tips were cultured as described by Maki et al. [7]. The
clinical isolates of Staphylococcus epidermidis were identified
based on their biochemical profile with the API Staph Kit
(bioMrieux, France). Identification was confirmed using the
MicroSeq 16S rRNA gene kit (Applied Biosystems, USA). The
amplified DNA was sequenced on an automated DNA sequencer
(ABI PRISM 310 Sequencer, Applied Biosystems). Molecular
typing was performed by pulsed-field gel electrophoresis (PFGE) as
previously described [8], genomic DNA being digested by the
restriction endonuclease SmaI. Susceptibility testing was performed
according to NCCLS guidelines [9] by broth microdilution using
commercially manufactured plates (Micronaut-S; Merlin Diagnos-
tics, Germany). Resistance to methicillin was confirmed by
detection of penicillin-binding protein 2’ (MRSA-Screen; Denka
Seiken, Japan) after induction with oxacillin [10]. MICs of
teicoplanin and vancomycin were confirmed by the E test (AB-
Biodisk, Sweden), applying an inoculum of 0.5 McFarland on
Mueller Hinton agar with 5% sheep blood. In addition, isolates
were screened for hetero-resistance to vancomycin using the
vancomycin E test with an inoculum of 2.0 McFarland on brain
heart infusion agar [11].
Results and Discussion
The normal colonies of Staphylococcus epidermidis were
found after overnight incubation of subculture plates.
SCVs were usually detected after 24–72 h of incubation.
Their colony diameter was around 1 mm. SCVs showed a
tendency to revert to the normal form upon further
subculturing and we were not able to conserve the small
colony phenotype over prolonged periods of time. Both
colony forms were identified as Staphylococcus epider-
midis. Sequence analysis of a 500-bp fragment of the
rRNA gene showed 100% homology with the type strain.
PFGE restriction fragment patterns of normal colony form
and of the SCVs were indistinguishable. All isolates of
Staphylococcus epidermidis (normal form and SCVs)
were resistant to methicillin, tobramycin, cotrimoxazole,
ciprofloxacin and levofloxacin and sensitive to netilmicin.
They were uniformly susceptible to vancomycin (MIC
3 mg/l) and there was no evidence of vancomycin hetero-
resistance. While the normal colony forms were suscep-
tible to teicoplanin (MIC 1 mg/l), all but one of the
isolates of SCVs were teicoplanin resistant (MIC 24 mg/l).
SCVs of Staphylococcus aureus have been reported to
cause persistent and recurrent infections [1, 2, 3].
Compared with their normal phenotypes, they often show
reduced susceptibilities to several antimicrobial agents,
namely aminoglycosides and cotrimoxazole [3, 12]. In the
few reported cases of infection with SCVs of CoNS [4, 5,
6] such differences between the two colony forms were
not observed. Here we describe the first case of an
infection with a teicoplanin-resistant staphylococcal SCV.
The patient was treated with vancomycin including
vancomycin-lock for suspected bloodstream infection
after methicillin-resistant Staphylococcus epidermidis
had been isolated from two blood cultures. A normal
colony form and an SCV of Staphylococcus epidermidis
were recovered from a blood culture performed 11 h after
the start of vancomycin therapy. In contrast to the normal
phenotype, the SCV was resistant to teicoplanin. Both
Table 1 Blood culture results








Isolation of S. epidermidis Remarks
Large colonies SCVs
20 16 +, teicoplanin S 
17 +, teicoplanin S 
21 18 +, teicoplanin S 
22 19 +, teicoplanin S  start of vancomycin therapy
20 +, teicoplanin S +, teicoplanin R
23 21  
24 22 +, teicoplanin S 
25 23   replacement of catheter
24 +, teicoplanin S 
26 25 +, teicoplanin S +, teicoplanin S
27 26 +, teicoplanin S +, teicoplanin R
28 27 +, teicoplanin S +, teicoplanin R
29 28 +, teicoplanin S 
30 29 +, teicoplanin S 
31 30 +, teicoplanin S +, teicoplanin R addition of amikacin to therapy
35 31 +, teicoplanin S +, teicoplanin R replacement of catheter
32 +, teicoplanin S 
33 +, teicoplanin S 
37 34 +, teicoplanin S 
35 +, teicoplanin S 
38 addtion of rifampicin to therapy
39 36  
40 37 +, teicoplanin S 
41 38 +, teicoplanin S 
39  
42 40   patient died
+, growth; , no growth; S, susceptible; R, resistant
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phenotypes were susceptible to vancomycin. Identical
PFGE patterns showed both forms to be clonal.
Two scenarios exist for the occurrence of the tei-
coplanin-resistant SCV. Firstly, resistance to teicoplanin
developed during exposure to the high concentration of
vancomycin associated with vancomycin-lock. Similarly,
SCVs isolated from patients after local treatment for
osteomyelitis with gentamicin beads had up to 32-fold
higher MICs of gentamicin than the parent strain (1 mg/ml
vs. <0.031 mg/ml) [2]. It is remarkable that resistance to
teicoplanin, but not to vancomycin, may have evolved
under vancomycin therapy. Even though development of
vancomycin-resistant SCVs of Staphylococcus haemolyti-
cus after exposure to vancomycin has been reported [13],
resistance to teicoplanin might still be easier to obtain
under selective pressure from vancomycin than resistance
to vancomycin itself. Cercenado et al. [14] found CoNS
with reduced susceptibilities to teicoplanin but full
susceptibility to vancomycin in 32 patients, eight of
whom had been treated with vancomycin. Secondly,
taking into account the tendency of SCVs to revert to the
normal form, we cannot exclude the possibility that they
developed spontaneously before vancomycin therapy but
were missed in the corresponding blood cultures. Emer-
gence of a teicoplanin-resistant SCV of Staphylococcus
aureus during experimental foreign body infection in a rat
without antibiotic therapy has been reported [15]. How-
ever, this is the first report of the emergence of a
teicoplanin-resistant SCV of a Staphylococcus species in
a patient.
Based on the following evidence, it is conceivable that
persistence of the bloodstream infection was caused by
the development of the SCV. (i) Antibiotic therapy was
performed according to established treatment guidelines
and susceptibility testing. (ii) The central-venous line was
promptly removed once persistent bacteremia was ob-
served, whereas bacteria could not be cultured from the
catheter. A new catheter was inserted at a different
location. (iii) Neither doppler ultrasound of the subclavian
vein and transesophageal echocardiography nor the
autopsy showed any evidence of septic thrombophlebitis
or endocarditis. Treatment failure despite adequate anti-
biotic therapy has been reported in four patients with
osteomyelitis due to SCVs of Staphylococcus aureus [2]
and in a patient with pacemaker-associated vegetations
due to SCVs of Staphylococcus capitis [6]. SCVs of
Staphylococcus epidermidis were also isolated in a fatal
case of prosthetic heart valve endocarditis [4].
Between the start of vancomycin therapy and the death
of the patient, both colony forms were isolated from six
blood cultures while ten blood cultures yielded solely the
normal form. Taking into account its tendency to revert,
we believe that Staphylococcus epidermidis survived as
SCV and reverted to the normal form upon cultivation.
Because of both their tendency to revert and their slow
growth, SCVs of staphylococci may easily go undetected.
Thus, the number of cultures should be increased and
incubation of subcultures should be extended if infection
with SCVs of staphylococci is suspected.
References
1. Proctor RA, van Langevelde P, Kristjansson M, Maslow JN,
Arbeit RD (1995) Persistent and relapsing infections associated
with small-colony variants of Staphylococcus aureus. Clin
Infect Dis 20:95–102
2. von Eiff C, Bettin D, Proctor RA, Rolauffs B, Lindner N,
Winkelmann W, Peters G (1997) Recovery of small colony
variants of Staphylococcus aureus following gentamicin bead
placement for osteomyelitis. Clin Infect Dis 25:1250–1251
3. Kahl B, Herrmann M, Everding AS, Koch HG, Becker K,
Harms E, Proctor RA, Peters G (1998) Persistent infection with
small colony variant strains of Staphylococcus aureus in
patients with cystic fibrosis. J Infect Dis 177:1023–1029
4. Baddour LM, Christensen GD (1987) Prosthetic valve endo-
carditis due to small-colony staphylococcal variants. Rev Infect
Dis 9:1168–1174
5. Baddour LM, Barker LP, Christensen GD, Parisi JT, Simpson
WA (1990) Phenotypic variation of Staphylococcus epider-
midis in infection of transvenous endocardial pacemaker
electrodes. J Clin Microbiol 28:676–679
6. von Eiff C, Vaudaux P, Kahl BC, Lew D, Emler S, Schmidt A,
Peters G, Proctor RA (1999) Bloodstream infections caused by
small-colony variants of coagulase-negative staphylococci
following pacemaker implantation. Clin Infect Dis 29:932–934
7. Maki DG, Weise CE, Sarafin HW (1977) A semiquantitative
culture method for identifying intravenous-catheter-related
infection. N Engl J Med 296:1305–1309
8. Liassine N, Frei R, Jan I, Auckenthaler R (1998) Character-
ization of glycopeptide-resistant enterococci from a Swiss
hospital. J Clin Microbiol 36:1853–1858
9. National Committee for Clinical Laboratory Standards (2002)
Performance standards for antimicrobial susceptibility testing,
12th informational supplement, vol. 22, no 1. M100-s12.
NCCLS, Wayne, Pa
10. Hussain Z, Stoakes L, Garrow S, Longo S, Fitzgerald V,
Lannigan R (2000) Rapid detection of mecA-positive and
mecA-negative coagulase-negative staphylococci by an anti-
penicillin binding protein 2a slide latex agglutination test. J
Clin Microbiol 38:2051–2054
11. Walsh TR, Bolmstrom A, Qwarnstrom A, Ho P, Wootton M,
Howe RA, MacGowan AP, Diekema D (2001) Evaluation of
current methods for detection of staphylococci with reduced
susceptibility to glycopeptides. J Clin Microbiol 39:2439–2444
12. Proctor RA, Kahl B, von Eiff C, Vaudaux PE, Lew DP, Peters
G (1998) Staphylococcal small colony variants have novel
mechanisms for antibiotic resistance. Clin Infect Dis 27
(Suppl 1):68–74
13. Schwalbe RS, Stapleton JT, Gilligan PH (1987) Emergence of
vancomycin resistance in coagulase-negative staphylococci. N
Engl J Med 316:927–931
14. Cercenado E, Garcia-Leoni ME, Diaz MD, Sanchez-Carrillo C,
Catalan P, De Quiros JC, Bouza E (1996) Emergence of
teicoplanin-resistant coagulase-negative staphylococci. J Clin
Microbiol 34:1765–1768
15. Vaudaux P, Francois P, Berger-Bachi B, Lew DP (2001) In
vivo emergence of subpopulations expressing teicoplanin or
vancomycin resistance phenotypes in a glycopeptide-suscepti-
ble, methicillin-resistant strain of Staphylococcus aureus. J
Antimicrob Chemother 47:163–170
748
